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CLIMCAPS: Community Long-term Infrared Microwave Coupled Atmospheric Product System

CrIMSS instrument suite: CrIS (Cross-track Infrared Sounder) + ATMS (Advanced Technology Microwave Sounder)

onboard the SNPP since October 2011
onboard the JPSS-1 (now known as NOAA-20) since November 2017

First 9 granules (T0000–
T0048) of CrIMSS 
footprints onboard the 
SNPP and the JPSS-1 
during January 1st, 2019

SNPP

JPSS-1

JPSS1 operates ~50 min (~8 granules) ahead of SNPP
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All data are available in GES-DISC:
CLIMCAPS-SNPP FSR:  https://disc.gsfc.nasa.gov/datasets/SNDRSNIML2CCPRET_2/summary?keywords=climcaps%20snpp%20L2

CLIMCAPS-SNPP NSR: https://disc.gsfc.nasa.gov/datasets/SNDRSNIML2CCPRETN_2/summary?keywords=climcaps%20snpp%20L2

CLIMCAPS-JPSS1 FSR: https://disc.gsfc.nasa.gov/datasets/SNDRJ1IML2CCPRET_2/summary?keywords=climcaps%20snpp%20L2

• A note for CrIS onboard the SNPP

Since Dec, 2014, CrIS operates on 
both FSR and NSR modeOct. 2011 Dec. 2014

NSR mode NSR mode

FSR mode

Band Spec. Rng. (cm-1) # of Chan. Spec. Res. (cm-1)
LWIR 650-1095

650-1095
713
713

0.625
0.625

MWIR 1210-1750
1210-1750

433
865

1.25
0.625

SWIR 2155-2550
2155-2550

159
633

2.50
0.625

NSR à FSR
• most changes in MW and SW
• Increased Spectral Resolution (SR)
• Increased # chan.: 1304 à 2211
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Retrieval System:
CLIMCAPS version v02_28_02 (algorithm version v02.00.02)
First guess: MERRA2

Evaluate CLIMCAPS-SNPP FSR & NSR vs.
CLIMCAPS–JPSS1 FSR

1. General attributes: 3 days Jan 10-12, 2019
retrieval yields, retrieve ability (deviation from first guess)

2. Retrieval quality of T/H2O: January, 2019
comparing to IGRA radiosondes, v2

All results are QC controlled (QC=0 or 1 for scientific use)

Objective:

3



CLIMCAPS-SNPP FSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR: QC=2

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP NSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP NSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP NSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP NSR: QC=2

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-JPSS1 FSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-JPSS1 FSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-JPSS1 FSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-JPSS1 FSR: QC=2

       
 

1000
800
600
400
200
10010

 

0

20

40

60

80

100

Lo
ca

l Y
ie

ld
 (%

)

CLIMCAPS-SNPP FSR-NSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR-NSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR-NSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR-NSR: QC=2

       
 

1000
800
600
400
200
10010

 

CLIMCAPS SNPP-JPSS1 FSR: QC=1

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 

CLIMCAPS SNPP-JPSS1 FSR: QC=0

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 

CLIMCAPS SNPP-JPSS1 FSR: QC=0 or 1

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 

CLIMCAPS SNPP-JPSS1 FSR: QC=2

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 

-80

-10

0

10

80

Ve
rs

io
n 

D
iff

. (
%

)

QC=1 QC=0 QC=0 or 1 QC=2

CLIMCAPS-SNPP FSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR: QC=2

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP NSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP NSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP NSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP NSR: QC=2

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-JPSS1 FSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-JPSS1 FSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-JPSS1 FSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-JPSS1 FSR: QC=2

       
 

1000
800
600
400
200
10010

 

0

20

40

60

80

100
Lo

ca
l Y

ie
ld

 (%
)

CLIMCAPS-SNPP FSR-NSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR-NSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR-NSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR-NSR: QC=2

       
 

1000
800
600
400
200
10010

 

CLIMCAPS SNPP-JPSS1 FSR: QC=1

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 

CLIMCAPS SNPP-JPSS1 FSR: QC=0

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 

CLIMCAPS SNPP-JPSS1 FSR: QC=0 or 1

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 

CLIMCAPS SNPP-JPSS1 FSR: QC=2

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 

-80

-10

0

10

80

Ve
rs

io
n 

D
iff

. (
%

)

QC=1 QC=0 QC=0 or 1 QC=2

CLIMCAPS-SNPP FSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR: QC=2

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP NSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP NSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP NSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP NSR: QC=2

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-JPSS1 FSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-JPSS1 FSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-JPSS1 FSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-JPSS1 FSR: QC=2

       
 

1000
800
600
400
200
10010

 

0

20

40

60

80

100

Lo
ca

l Y
ie

ld
 (%

)

CLIMCAPS-SNPP FSR-NSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR-NSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR-NSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR-NSR: QC=2

       
 

1000
800
600
400
200
10010

 

CLIMCAPS SNPP-JPSS1 FSR: QC=1

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 

CLIMCAPS SNPP-JPSS1 FSR: QC=0

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 

CLIMCAPS SNPP-JPSS1 FSR: QC=0 or 1

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 

CLIMCAPS SNPP-JPSS1 FSR: QC=2

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 

-80

-10

0

10

80

Ve
rs

io
n 

D
iff

. (
%

)

QC=1 QC=0 QC=0 or 1 QC=2

CLIMCAPS-SNPP FSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR: QC=2

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP NSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP NSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP NSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP NSR: QC=2

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-JPSS1 FSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-JPSS1 FSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-JPSS1 FSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 
CLIMCAPS-JPSS1 FSR: QC=2

       
 

1000
800
600
400
200
10010

 

0

20

40

60

80

100

Lo
ca

l Y
ie

ld
 (%

)

CLIMCAPS-SNPP FSR-NSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR-NSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR-NSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR-NSR: QC=2

       
 

1000
800
600
400
200
10010

 

CLIMCAPS SNPP-JPSS1 FSR: QC=1

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 

CLIMCAPS SNPP-JPSS1 FSR: QC=0

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 

CLIMCAPS SNPP-JPSS1 FSR: QC=0 or 1

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 

CLIMCAPS SNPP-JPSS1 FSR: QC=2

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 
-80

-10

0

10

80

Ve
rs

io
n 

D
iff

. (
%

)

QC=1 QC=0 QC=0 or 1 QC=21. General attributes: retrieval yields

-90         -60         -30         Eq.          30          60          90   

-90         -60         -30         Eq.          30          60          90   

-90         -60         -30         Eq.          30          60          90   

good

best

not use

CLIMCAPS-SNPP FSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR: QC=2

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP NSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP NSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP NSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 
CLIMCAPS-SNPP NSR: QC=2

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-JPSS1 FSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-JPSS1 FSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-JPSS1 FSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-JPSS1 FSR: QC=2

       
 

1000
800
600
400
200
10010

 

0

20

40

60

80

100

Lo
ca

l Y
ie

ld
 (%

)

CLIMCAPS-SNPP FSR-NSR: QC=1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR-NSR: QC=0

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR-NSR: QC=0 or 1

       
 

1000
800
600
400
200
10010

 

CLIMCAPS-SNPP FSR-NSR: QC=2

       
 

1000
800
600
400
200
10010

 
CLIMCAPS SNPP-JPSS1 FSR: QC=1

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 

CLIMCAPS SNPP-JPSS1 FSR: QC=0

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 

CLIMCAPS SNPP-JPSS1 FSR: QC=0 or 1

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 

CLIMCAPS SNPP-JPSS1 FSR: QC=2

-90 -60 -30 0 30 60 90
 

1000
800
600
400
200
10010

 

-80

-10

0

10

80

Ve
rs

io
n 

D
iff

. (
%

)

QC=1 QC=0 QC=0 or 1 QC=2

-90         -60         -30         Eq.          30          60          90   

For scientific use
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𝒚𝒊𝒆𝒍𝒅 =
𝒓𝒆𝒕𝒓𝒊𝒆𝒗𝒂𝒍 # (𝑸𝑪′𝒆𝒅)
𝒕𝒐𝒕𝒂𝒍 # 𝒐𝒇 𝒐𝒃𝒔.

×𝟏𝟎𝟎%

near ~100% data yield when P < 200 hPa 
CLIMCAPS assumes excellent cloud contrast so cloud 
clearing should be working reasonably well, 
i.e., all measurements are considered useful
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1. General attributes: retrieval yields
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1. General attributes: retrieval deviation from first guess (MERRA2) 
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Figure 6. Comparing the deviations of final retrieved temperatures from the first guess (MERRA2) for CLIMCAPS-SNPP 
FSR (top row), CLIMCAPS-SNPP NSR (middle row), and CLIMCAPS-JPSS1 FSR (bottom row) in scenarios of QC=0 
or 1 (left column) and QC=2 (right column). The overlaid black dashed lines mark the tropopause, white lines mark the 
total effective cloud top pressure, and the black solid contours of 0.6, 0.8, 1.0 for the mean T verticality. 

 
 
 In Fig. 7 we show the root-mean-square differences (RMSD) of the retrieved temperature 
to the first guess for CLIMCAPS-SNPP FSR/NSR (top/middle row) and for CLIMCAPS-
JPSS1 FSR (bottom row) for QC=0 or 1 and QC=2. Again, we see larger RMSD from the first 
guess over the entire 100-500 hPa level, indicating that the retrieval system is providing more 
information to derive the final temperatures. We see that the deviations in FSR is less than in 
NSR mode, this could probably due to better calibration in FSR that could potentially improve 
temperature in lower troposphere. 
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Black solid contour: verticality in intervals of 0.6, 0.8, 1.0
White line: effective total CTP

negative: CC considers FG too warm
positive: CC considers FG too cold
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Figure 4. Comparing the deviations of final retrieved H2O from the first guess (MERRA2) in relative percent change for 
CLIMCAPS-SNPP FSR (top row), CLIMCAPS-SNPP NSR (middle row), and CLIMCAPS-JPSS1 FSR (bottom row) in 
scenarios of QC=0 or 1 (left column) and QC=2 (right column). The overlaid black dashed lines mark the tropopause, white 
lines mark the total effective cloud top pressure, and the black solid contours of 0.6, 0.8, 1.0 for the mean H2O verticality. 

 
 

The deviations could be cancelled by positive and negative values. Therefore, it is helpful 
to examine the root-mean-square differences (RMSD) of the final retrievals from the first guess, 
which is shown in Fig. 5 below. Fig. 5 demonstrates that the CLIMCAPS system tries to 
modify the first guess more from the level of total effective cloud top pressure (white line) to 
the tropopause (black dashed lines). This is especially pronounced for the CLIMCAPS-SNPP 
NSR such that the modification is more often greater than 40%. This could be caused by a few 
reasons: 1) the NSR forward model is much older than the FSR forward model; 2) NSR has 
fewer channels to resolve the upper tropospheric H2O. Beyond this region, the final retrievals 
stick to the first guess more above the tropopause where the sounder has limited sensitivity to 
water vapor concentrations and below the level of total effective cloud top pressure, where the 
retrievals are contaminated by clouds above.  
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Figure 5. Same as Fig. 4 but here we present the root-mean-squared deviations (RMSD) of final retrieved H2O from the 
first guess in relative percentage change (retrieval-1stGuess)/1stGuess. Similarly, the overlaid black dashed lines mark the 
tropopause, white lines mark the total effective cloud top pressure, and the black solid contours of 0.6, 0.8, 1.0 for the mean 
H2O verticality. 

 
 
3.2.2 Temperature 

Fig. 6 shows the deviations of temperature final retrievals from the first guess for 
CLIMCAPS-SNPP and CLIMCAPS-JPSS1. We see that on average the final retrieved 
temperature does not deviate much (~ ± 0.6 K) from the first guess. The CLIMCAPS retrieval 
system plays a relatively more important role in the tropical upper troposphere and the mid-
latitude lower stratosphere, where the retrieval system modifies the first guess from MERRA2 
much more than elsewhere. The final CLMACAPS-SNPP NSR retrievals of temperature have 
larger magnitudes in modification than the FSR retrievals, which might be because of the less 
information content provided by NSR. Because of similar spectral characteristics of the SNPP 
FSR and JPSS1 FSR, the two show very similar patterns.  
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Black solid contour: verticality in intervals of 0.6, 0.8, 1.0
White line: effective total CTP

1. General attributes: retrieval deviation from first guess (MERRA2) 

negative: CC considers FG too wet
positive: CC considers FG too dry
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3. Retrieval affected by clouds

 20 

tropopause, we see decreased verticality with increased cloud fraction in any pressure levels, 
indicating that clouds in the troposphere have a large impact on retrieving temperature 
successfully. The mean H2O verticality (Fig. 12 bottom row) averaged in each of the total 
effective cloud fraction bins further suggests how clouds tremendously affect the retrieval of 
H2O. We see a sharper decrease in H2O verticality as cloud fraction increases in each level. 
H2O verticality always peaks at 300-600 hPa where the CrIMSS infrared radiance penetration 
depth has the max sensitivity. 

  

 
Figure 12. Over Europe, CLIMCAPS total effective cloud fraction (CF, averaged into 5 bins of 0-0.2, 0.2-0.4, …, 0.8-1.0) 

as functions of total effective cloud top pressures(CTP, top row), of temperature verticality (middle row), and of H2O 

verticality (bottom row) for the ~2600 collocated profiles. The black dashed lines mark the tropopause.   
 
In order to better understand the clouds’ effect on retrieval qualities, we separate the biases 

in functions of five total effective cloud fraction (CF) bins from 0 to 1.0 and three total effective 
cloud top pressure (CTP) bins defined by the International Satellite Cloud Climatology Project 
(ISCCP) as low clouds (CTP >680 hPa), middle clouds (CTP between 680-440 hPa), and high 
clouds (CTP <440 hPa) (refer https://isccp.giss.nasa.gov/cloudtypes.html). Fig. 13a compares 
the joint histograms of collocated profiles. It is similar to Fig. 12 first row but here we only bin 
the total effective CTP into three bins. We see that the three show similar features with most 
frequent middle clouds of CF between 0.4-0.8 (dark red). The CLIMCAPS-SNPP FSR and 
CLIMCAPS-JPSS1 FSR show identical high clouds with different CF, but with slightly 
different low clouds. 

Verticality in functions of total effective cloud fraction

H2O

Temp SNPP FSR SNPP NSR JPSS1 FSR
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Solid lines (lower x-axis): CLIMCAPS – RS
Thin, horizontal lines: effective CTP
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H2O retrievals are more 
sensitive to clouds



Summary:
1. CLIMCAPS has pretty restrict quality control: its data yields are smaller than the previous retrieval system.

2. In FSR mode, CLIMCAPS generates very similar results between SNPP and JPSS1, indicating that the 
two suites of CrIMSS instruments onboard operate smoothly well so far.

3. Armed with MERRA2 as first guess, CLIMCAPS T retrieval is more skillful in non-Europe regions where 
less temperature observations were assimilated into MERRA2.

4. CLIMCAPS H2O retrieval powerfully and skillfully corrects the first guess.

5. High, thick clouds affects the retrieval the most; 

6. In Europe:  T is cold-biased (– 0.1-0.5K) below ~700hPa
warm-biased (+ 0.1-0.2K) ~700-100hPa

H2O is dry-biased (– 2%) below ~700hPa
dry-biased (– 5-10%) ~700hPa to tropopause

SNPP NSR generates the smallest biases below the tropopause for both T/H2O; 
above the tropopause, NSR has quite different T comparing to FSR
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